C urrent therapies for acute heart failure (AHF) mainly focus on the restoration of hemodynamic stability and fluid balance. 1 Recent decades of therapeutic investigations in AHF have generally failed to improve patient outcomes. 2, 3 These data are in contrast to the ongoing improvements in survival in patients with chronic HF. 3 This disconnect may be in part because of the better understanding of the pathophysiology of chronic HF, allowing for the development of targeted therapeutic strategies. Conversely, the specific mechanisms leading to the development of AHF and the associated adverse outcomes remain unclear. 3 Hence, there is an ongoing need to identify and test novel therapeutic targets in AHF.
HF is associated with activation of the renin-angiotensinaldosterone system, sympathetic nervous system, and mechanisms of inflammation and oxidative stress. 4 Each of these pathways may directly influence the chronic progression of cardiac dysfunction and acute decompensation. In addition, these mediators may contribute indirectly through the activation of other pathophysiologic mechanisms, which have not been fully elucidated. One such potential mechanism is platelet activation. 5, 6 The activation of neurohormonal, inflammatory, and thrombotic pathways [7] [8] [9] is known to be associated with enhanced platelet reactivity in AHF. [10] [11] [12] [13] [14] However, whether increased platelet activity is simply a marker of this systemic imbalance or an actual contributor to acute decompensation is incompletely understood. Several pathophysiologic mechanisms that may explain a possible detrimental role of platelet activation on the myocardium have been described. 6, 15, 16 Myocardial injury, as manifest clinically by elevations of cardiac troponin, 17, 18 may represent a connection between platelet activation and poor prognosis. If a causal role for platelet activation can be confirmed in the AHF setting, specific antiplatelet therapies might improve prognosis in this high-risk population. In this article, we summarize the data supporting the hypothesis of a beneficial effect of antiplatelet therapy in AHF. We focus on the pathophysiological mechanisms of platelet activation possibly related to HF, present the relevant studies investigating antiplatelet therapy in HF, and highlight the unanswered questions and need for future study.
Evidence of Platelet Activation in HF
Platelet reactivity can be assessed by a variety of methods, including evaluation of aggregation capacity and levels of circulating factors expressed at the time of platelet activation. 19 The optimal method to quantify the physiological and pathological function of platelets has not been established. 20 In HF patients, several markers have been investigated. Mean platelet volume is routinely measured by automated cell counters and is associated with thrombotic potential. 10, 19 Other markers include molecules that mediate platelet activation and interaction with other cells. On platelet activation, these molecules may be exposed on the platelet surface (eg, platelet/endothelial cell adhesion molecule-1, osteonectin), secreted in a soluble form (eg, β-thromboglobulin) or both (eg, P-selectin, CD-40 ligand). 19 Soluble markers are more easily measured than platelet-bound markers, but the association between these markers is unclear. Routine use of these markers is not well established because of several limitations. First, most markers lack specificity as they are expressed not only by platelets but also by leukocytes or endothelial cells. 20 Moreover, specimens are prone to collection and processing artifacts. Finally, the lack of standardized methods for analysis may limit reproducibility. 21 These limitations may explain, in part, why investigations exploring platelet activation in HF have yielded conflicting results. Studies investigating platelet markers in HF have been relatively small in size and heterogeneous with respect to design, marker assessment, and measurement technique [10] [11] [12] [13] [14] [21] [22] [23] [24] [25] [26] [27] [28] (Table 1 ). In these studies, a certain degree of baseline platelet activation seems to be present in patients with HF. Subjects with HF exhibit greater variability in these biomarkers compared with consistently low levels in healthy controls. 13, 22 Another consistent finding is that markers of platelet activation are elevated regardless of HF pathogenesis and previous treatment with aspirin. 23, 25, 27 Of note, patients with HF have similar levels of platelet markers compared with patients with coronary disease without HF. 21, 24, 26 The severity of HF and comorbid disease may be associated with the degree of platelet activation in HF. 24, 26 The difference between the levels of platelet activation biomarkers in acute versus chronic HF is less clear. [10] [11] [12] In general, markers of platelet activation are reduced with AHF therapies and further reductions occur during follow-up. 11, 12 These data support the hypothesis of a direct association between platelet activation and AHF decompensation. In contrast, conflicting data have been observed with regard to the association of platelet biomarkers with prognosis. 7, 9, 21, 23, 24 Notably, the small size of these previous studies underscores the need for ongoing exploration of the biology of platelet activation in HF. 
Pathophysiology of Platelet Activation
Several mechanisms that are activated in chronic HF and further enhanced during acute decompensation may promote a prothrombotic state 9 and may explain, in part, the observed increased platelet reactivity. 5 Endothelial damage and dysfunction along with imbalances in nitric oxide production and increased expression of adhesion molecules may lead to enhanced platelet adhesion and activation. 7, 29 In addition, increased levels of angiotensin II and circulating catecholamines, 7, 8 oxidative stress, and inflammation 30, 31 contribute to the increased activity of platelets and the coagulation cascade. 16 Although these mechanisms can lead to platelet activation, the extent to which this activation may play a direct role in the pathophysiology of AHF remains unclear.
One mechanism that may link platelet activation and adverse outcomes in AHF is myocardial injury. Myocardial injury, as shown by elevations in circulating cardiac troponin, occurs in the context of AHF even in the absence of overt ischemia. The reported prevalence of elevated troponin varies widely across studies, depending on the specific population, assay, and threshold used. 18 Increased troponin levels on admission for AHF are associated with higher rates of in-hospital mortality, and postdischarge morbidity and mortality. 17, 32 The predictive value of increased troponin levels seems to be independent and additive to that of other biomarkers, such as natriuretic peptides. 18 Therefore, mechanisms other than myocardial strain because of left ventricular volume overload seem to be involved in myocardial damage during AHF. However, the causes of troponin release during AHF are likely multifactorial and not completely understood. 17, 18 The potential role of platelet activation as a link between HF decompensation and troponin elevation requires further investigation. Support for the association between increased troponin levels and platelet activation may be extrapolated from studies in ischemic heart disease. The degree of platelet activation has been associated with troponin levels in small studies of patients with non-ST-elevation acute coronary syndromes, 33, 34 as well as revascularization studies. 34, 35 Possible pathways through which platelet activation may contribute to the myocardial damage observed in AHF include vasoconstriction and the deposition of platelet aggregates, subsequently leading to microvascular damage and ischemia. In fact, the platelet response to agonists, such as ADP, involves not only platelet aggregation but also secretion of several vasoactive agents, such as serotonin and thromboxane A2. 7 Animal models have demonstrated that these substances cause vasoconstriction and further promote platelet aggregation. 15
Role of Coagulation and Hemostasis
Although distinct from the pathophysiology of platelet activation in AHF, the coagulation cascade is relevant to the discussion of hematologic perturbations during HF hospitalizations. AHF may increase the risk for thrombotic complications through each of the mechanisms of Virchow's triad, including abnormalities in the vessel walls, blood flow, and blood constituents as recently reviewed. 36 In contrast to the low risk for venous thromboembolism (VTE) in chronic HF patients, 37 patients with severe medical illnesses, including AHF, are at high risk for VTE. 38 Notably, the risk associated with HF seems to be highest in the early period after HF diagnosis with attenuation over time. 39 Despite the thrombotic risk associated with HF, multiple trials investigating the use of anticoagulation in chronic HF patients in sinus rhythm, [40] [41] [42] as well as extended VTE prophylaxis after hospitalization in medically ill cohorts (including those with AHF), have demonstrated marginal 43 to no net clinical benefit. 44, 45 Thus, consensus documents have recommended against the broad use of anticoagulation in these patients and have reserved use for select patients based on the individualized risk-benefit ratio. 36 In fact, the recent 2012 American College of Chest Physicians guidelines for hospitalized medical patients differ significantly from those of 2008, which recommended anticoagulant prophylaxis on the basis of HF alone, and now indicate that increased-risk and low-risk patients should be distinguished using a risk assessment tool with administration of anticoagulant restricted to those at increased risk. 46 Thus, many HF patients that would have been recommended to receive anticoagulation by the 2008 guidelines no longer qualify by the most recent guidelines unless they have high risk features, such as active cancer, previous VTE, reduced mobility, and advanced age. The potential for significantly reduced mobility early during AHF hospitalization and the advanced age of the HF population represent several key characteristics that place this group at increased risk for VTE and highlight the need for further prospective study to increase the evidence base for these recommendations.
An ongoing trial on the basis of lessons learned from these earlier studies is investigating the use of a novel oral anticoagulant, betrixaban, in the subgroup of hospitalized patients at highest risk for VTE (eg, cardiac or respiratory failure with advanced age and severe immobility; ClinicalTrials.gov identifier: NCT01583218). This study may help answer whether there is a potential role for anticoagulation in addition to (or in place of) antiplatelet therapy during AHF.
Evidence for Efficacy of Antiplatelet Therapy
Limited data are available with regard to the use of antiplatelet therapy in patients with HF in sinus rhythm [40] [41] [42] 47, 48 (Table 2) . Therefore, whether antiplatelet therapy may be a useful strategy to improve prognosis in patients with AHF remains largely unexplored. Aspirin and clopidogrel are the most commonly investigated and used antiplatelet drugs. Aspirin's mechanism of action involves the irreversible acetylation of the enzyme cyclooxygenase, which inhibits the production of thromboxane A2 and prostaglandin in platelets, and prostaglandin I2 in vascular cells. In platelets, cyclooxygenase inhibition leads to a reduction in aggregation, whereas in the vessels this causes a decrease in vasodilating properties. 49 Concern has been raised with regard to the vascular effect of prostaglandin synthesis blockade that may be detrimental in patients with HF, by diminishing vasodilating properties of glomerular afferent arterioles, and leading to worsen kidney function and sodium retention. Evidence of an association between increased HF hospitalization and aspirin use in chronic HF patients was seen in the Warfarin-Aspirin Study in HF (WASH) and Warfarin and Antiplatelet Therapy in Chronic Heart Failure (WATCH) trials, 40, 41 but the contemporary Warfarin-Aspirin in Reduced Cardiac Ejection Fraction (WARCEF) trial did not support this association. 42 As the largest trial of antithrombotic therapy in HF patients in sinus rhythm with rigorous methodology involving a double-blind, double-dummy study design, the lack of association between aspirin and HF hospitalizations in WARCEF should reduce concerns related to potential adverse effects of antiplatelet therapy on worsening HF.
Another matter of concern has been a possible adverse interaction of aspirin with angiotensin-converting enzyme (ACE) inhibitors, 50 which was initially supported by post hoc analyses of large ACE-inhibitor trials. 51, 52 The hypothesized mechanism for worse outcomes involves aspirin's effects at the prostaglandin level with attenuation of ACE-inhibitor-mediated bradykinin benefits related to systemic arterial vasodilation and cardiac remodeling. 53 However, these associations have generally been refuted by more recent studies. [54] [55] [56] For instance, in the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure) registry, aspirin use in combination with either an ACE inhibitor or an angiotensin receptor blocker was not associated with adverse events post discharge for AHF in patients with ischemic or nonischemic HF. 56 Thus, contemporary studies derived from registry data and population-based cohorts 57 have refuted earlier concerns related to a potential aspirin and ACE-inhibitor interaction that was seen in early clinical trials with strict entry criteria.
Uncertainties on aspirin use in HF patients and the availability of alternative methods to inhibit platelet aggregation led to the investigation of clopidogrel use in HF. Clopidogrel is a thienopyridine, which can irreversibly inhibit platelet ADP-dependent activation, blocking the platelet ADP receptor P2Y12. Clopidogrel decreases the expression of platelet surface receptors 58 without effects on prostaglandin inhibition. A retrospective study of 20 000 patients with incident HF investigated outcomes on the basis of antithrombotic drug regimen: warfarin alone, warfarin plus antiplatelet therapy, clopidogrel (alone or in addition to aspirin), aspirin alone, and no therapy. 59 Various modeling approaches performed on this population showed the highest risk for mortality for patients with no antithrombotic therapy, and a decreasing risk for those treated with aspirin, clopidogrel, and the lowest risk for patients treated with warfarin. In another recent registry of 50 000 patients hospitalized with first-time myocardial infarction and no percutaneous coronary intervention, 60 the authors compared patients by the presence or absence of HF and treatment with clopidogrel. The survival of patients without HF was comparable between patients with or without clopidogrel, whereas a significant survival benefit of clopidogrel was observed in the patients with HF (Figure 1 ). Another, smaller study of patients hospitalized for AHF showed lower mortality rates in patients taking clopidogrel, or aspirin plus clopidogrel versus a control group not receiving antiplatelet therapy. 61 Aspirin use alone was not associated with a difference in outcome. These findings support the hypothesis that platelet activation may play a key role in the poor prognosis of HF patients and suggest a possible therapeutic benefit with clopidogrel. The potential benefits of the more recently developed antiplatelet agents (prasugrel, ticagrelor) have not yet been tested in HF patients.
Gaps and Future Directions
Platelet activation is a largely unexplored potential therapeutic target for AHF. Figure 2 shows a possible framework for linking platelet activation, myocardial injury, and poor outcomes and offers potential areas that could be addressed by appropriately designed studies. A substantial challenge is the lack of a standardized, effective measurement of platelet activity. Second, further exploration is required to determine the degree of platelet activation that is present in AHF patients. The specificity of enhanced platelet activity for AHF patients as compared with stable chronic HF and other controls is unclear. The extent to which platelet activity may be related to myocardial damage and prognosis also requires further study. These issues are still unresolved mainly because of the lack of adequately powered, targeted studies. Large prospective observational studies of AHF patients, assessing the association among different platelet activity markers, natriuretic peptides, markers of myocardial damage, and prognosis could provide a significant first step in understanding the potential therapeutic benefit of antiplatelet agents in these patients. Stable chronic HF patients could serve as a control group. Such a study may also allow the identification of the most useful platelet markers, and higher risk patients' subgroups to target in future intervention studies.
If the association among platelet activity, myocardial damage, and poor prognosis in AHF is confirmed, subsequent studies will need to clarify the impact of antiplatelet therapy on outcomes. The observational studies to date demonstrate the need for further empirical testing given the difficulties in adjustment for bias in nonrandomized populations. Previous prospective, randomized trials of antiplatelet therapies did not investigate the AHF population or directly compare antiplatelet therapies. A randomized controlled study may answer this question by comparing different antiplatelet drugs and placebo in a cohort of AHF patients with further assessment of the association among treatment, platelet biomarkers, and prognosis.
Conclusions
Platelet activation may represent an unaddressed target of AHF therapy. There is evidence suggesting that platelet activation is present in the setting of AHF, which may contribute to the myocardial damage and may be related to patients' poor outcome. Therefore, antiplatelet therapy may be beneficial if initiated in patients during an episode of AHF. However, current evidence is insufficient to support or refute the hypothesis of a direct role of platelet activation in the pathophysiology of AHF or a possible role for antiplatelet therapies. Overall, the studies performed to date have underlined the need for pursuing antiplatelet research in HF with adequately designed trials.
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